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« 

Remarks 

Thorough examination by the Examiner is noted and 
appreci a ted . 

The Speeiiication has been amended to correct: grammatical 
errors . 

The claims have boon amended to overcome l^xamincris 
objections/and rejections under 35 USC Suction 112. 

* 

The? claims have further been amended and new claims added to 
clarity Applicants disclosed and claimed invention. The 
amendments find support in the original claims and/or the 
Specification . 

No new matter has been added. 

♦ 

» ■ • ♦ 

' * 

■ 

For example support for .1 ami tat ions in claims 1 and 12 are 
found in the Specification at- 

Paragraph 0014: 
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"A.l i.buu<|l) t.h* method of hhe present invention is exp.la i nwd wit.h 
re Terence Lo and is po r I t cul a r I y odvantngoounly implemented in fu.cmi.ng of 
copper dual damascenes it will be cipprec io tod that the method of Lhe. present 
invent ion i « equally applicable Lo Lhe f or mo t :*i on ot single copper damascenes 
and relatively thick and wi.d# copper rirtmrmccne structures inol.ud i nq, for 
example, bonding pads or wide trench 1 i nfij> . " 

Paragraph 0022: 

"It hrtn boon found that the baking process to remove moisture from low-K 

( 

porous 1MD layer.'? aod L he DF.CAfi process can advunUKjertus 1 y be aocomp 1.1 shod at 
the simultaneously in Lhe prisoners of «i hydrogen con l. & .i n i ruj <■■] Lino r>p hero: . For 
example?, pqroua low-K i/jorxjrtfi i o TMD Layers typically strongly absorb moiflturo 
prior to rmd during the etching process/ hero tot ore making a furnace baking 
prooe:;rs ncversrtflory to adequately remove moisture* to provide tor effective 

d e po 3 i 1 1 of i a ■ > * J d d J i e s i o n o f o r: t ] b s e qu © n 1 1 y de po a 1 1 e d b $ r r i a r I ,i y o r . A c c o r. d i n g 
t-O an aspect Of the present invention, it h*in be-cn found that in the 

presence of an H2 containing orobi.ent at nub -atmospheric pressoces onci 
toinpo>ra tares oi about 100 "C, moisture as well as adsorbed gases present from 

* 

a previous etching process, for example oxygen, nitrogen, and fluorine, are 

* ■ ■ I m mm 

effectively removed at the preferred sub-atmospheric DEGAS pressures and 

baking temperatures at relatively snort times thereby avoiding the necessity . 
ot o fsepvarates turnace baking process, for example at atmospheric pressures, 
which may t.ifco novoral hours according Lo prior art processes." 

support, for .limitations in claims 3, 4, .1.4 and 15 are found 

J 6 

» * * 

" • 1 * * * 

* • ' . 

* » • ■ 
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in Lhc Specification at paragraph 0021: 

"For ox.irop.l c. the DF.CAJ?/b*J king- procortn ir. preferably carried out 
r> i m\i 1 1 o riFtoutt I y ol sub-0 trno.sphe r i.o prr-ifiAnre:** in n hydrogen containing ambient, 
preferably a mixture of H 2 gas and an inert gas such as He, N 2 , and Ar, 
According to on n^pcet ot the invention, preferably, the process water is 
& i tnuHfM'iHous.ly hucHttd to a I ^uip^roturo between about. 100 " C unci about !>()() ' C, 
mure preferably between about 250 ' 0 <-j r»<J oboist 4!;0 * 0 in the DF.CAfl ehamhar tor 
ct period o£ about 20 seconds Lo about 120 seconds in the pro sane:* of a mixture* 
o.C il'v/inort ga« while maintaining, a pressure o£ between obuuL 1 mTorr and 
about 10 Torr, more preferably between about 10 mTorr and about 1 Torr, most 
preferably between about 10 mTorr and about 100 mTorr > 

Support, for new claims 21. and 22 are found in the 
Specification at paragraph 0020: 

"Tn rjn aspect ot the present invention, following formation the dual 
damascene opening e . g . , trench opening 20 and via openings 1GA and 1GB/ the 
.9ero.rooiidXJOt.or process wofftr is transferred to a single wafer DtiGAiS chamber, 
preferably io-si tu f whe re at J east a .pressure;, ambient gaseous atmosphere ■ and 
wafer temperature may be controlled. For example a cluster tool haying a 
controlled sub- atmospheric ambient with reduced oxygen levels, as is known in 
the art may be used to transfer the wafer from an etching chamber to the 13 £ GAS 
chamber in-situ to prevent exposure to moisture and oxygen, For example, the 
PfclUAS chamber preferably includes moans tor boating the wafer, lor. example a 
conventional wafer- chuck .1 nel.ud1.rig rosistively heated element; y and/or high 

* 
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intanaity lamps directed <U I lie wofer nwrtncc. tor heating the process wafer 
nurtaeo. In addition, the DUUAS chamber may hft n conventions J. physical vapor 
tiapos i l.. i on (PVD) chamber, tor example an Kb' spul I er.1 ng, magnetron sputtering, 
ioii.Lzed meLdl plasma (TMP) , no Lt-: ionised plasma (SIP) spol; taring chamber tor 
carrying out a subse.que.nl. apuL't fir-e I can and/or PVD process Cor: depositing a 
bov/riftr layer to !in« the dual damascene opening, or bo a separate dedicaled 
process chomber in a cluster tool including im.itri.ple chambers tor the 
respective DfcitiAS, spul te r— e I can and subsequent I? VI) and /or CVD processes*" 



Claim Rejections under 35 USC 102 (e) 



1. Claims 1, 3-12, and 14-20 stand rejected under 35 USC 
Section 1.02(e) as being anticipated by Pan et al. (US Pub. 
2004/0023485) ■ 



Pan et at. disclose a method for hydrogen/inert • gas 
(preferably He) plasma treatment of ani30tropically etched 
openings to improve a crack resistance (see Abstract ), .pxlot:. to 

■ ■ i , * * 

depositing the barrier layer. Pan et a.T* also disclose ah' 
optional pre-heating treatment prior to the hydrogen plasma 

** 

(sec paragraph 0021, 0.032). 



18 
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Thus Pan ef. al. . do not disclose several aspects ol 
Applicants disclosed and claimed invention including: 

Pan et al . do not disclose or suggest "then carrying out a 
sub-atrnospheri c OKKAK process in-situ with simultaneous* hcatinq 
of the process wafer in a hydrogen containing ambient;" following 
etching through a lower etch stop layer to expose a copper area 
ati Applicants have disclosed and claimed. 

Thus Pan al. is insuliicien t to anticipate Applicants 
disclosed and claimed invention* 

Claim Rejections under 35 USC 103 (a) 

* 

< 

* 

1. Claims 1-2, 6-1.3, and 17-20 stand rejected under 3b USC 

* 

Secti on 103(a) as being unpatentable over Kim ..(OS :6> 767, 7.88) in' 
view oi Rozbicki et al. (US 6,554,914). 

Kim disclose a process for making a damascene capacitor 
structure followed by forming a dual damascene at the same level 
(gcc abstract; Figures IB, IF; col 6, lines. 3-3-65) ■. In 

* * * ■ 

» 

19 - • 
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particular Kim discloses a degas process under high vacuum 
followed by a sputter clean process using a plasma .including 
hydrogen following deposition of 'a copper seed layer on a barrier 
layer (col 6, lines 36-46) - 

Thus, the method of Kim works by a different principal of 
operation than the method of Applicants, and could not accomplish 
the purpose of Applicants disclosed and claimed invention: 

"A method for forming a copper damascene features with 
improved electrical proper L iei? including reducing mo is lure 
and etching residues from a damascene opening" 

On the other hand, Rozbiki et al. discloses a process lor 
depositing a copper seed layer by PVD while passiv.ating the 
copper seed layer during or immediately after the deposition to 
prevent excessive oxidation (see Abstract). Rozbiki et al, also 

» • * 

disclose a cleaning process carried out .on copper exposed . 
underlying the damascene opening to removes copper oxides by a, 
physical sputter etch and/or a hydrogen based plasma treatment 

■ 

(col 5, lines 40-49). Thus, Rozbiki et al. seem to .imply 
exposure of the underlying exposed. copper to an oxidizing 

20 
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atmosphere prior to cleaning. Rozbiki et al. also disclose that 
M th© pracl&aning proceaa typically involves degassing". 

Rozb.ik.i et a.L fails to disclose several aspects of 
Applicants disclosed and claimed invention including: 

■ 

♦ 

"etching through an etch stop layer at the at least one 
damascene opening bottom portion to expose an underlying copper 
area ; 

then carrying out a sub-atmospheric DEGAS process In-aitu 
with simultaneous heating oi the process wafer in a hydrogen 
containing a i rib i e n t ; 

♦ 

then carrying out an in-situ sputter-clean process; and, 
then forming a barrier layer "in-situ to' line the dual 

■ » 

■ < 

damascene opening." 

There is no apparent motivation .or suggestion for combining 
Kim et ai. and Rozbiki et al. other than Applicants disclosed and 
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claimed invention. For example, there is no apparent motivation 
for combining the teachings of Kim et al - who teach a degas 
process under high vacuum followed by a sputter clean process 
using a plasma including hydrogen, where both steps are performed 
on a copper seed layer following deposition of a copper seed 
layer on a barrier layer and Lhc teachings of Rozbi.ki. et al. who 
teach a pre-cleaning process prior to copper seed layer 
deposition using a hydrogen based plasma and who generally 
disclose a degas process as part of the cleaning process. 

The attempted combination ol the teachings of Kim and 
Roiiblki et al. would change the principal of operation of both 
Kim and Rozb.i ki et a}., making both unsuitable for its intended 
purpose. 

Even Assuming arguendo proper motivation lor combining the 
teachings ol Kim and Rozbiki et al., such combination fails to 

• ■ 

* ■ * ■ » * 

produce Applicants disclosed and claimed invention. 

♦ * * • 

* ■ 

» 

* 

The combination ol Kim and Rozbik.i et al. nowhere teaches or 
suggests carrying out a sub atmospheric DEGAS process with 
simultaneous heating in a hydrogen containing ambient- 

22 
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Contrary to Examiners assertion, Rozbiki et al. do not teach 
heating the wafer in hydrogen ambient al (col 5, lines 40-49, rind 
col 8, linos b9-60) . 

At col. ft, lines 59-60, Hozbiki ot ai. discloses the 

* 

conducting of experiment s to demons Lr ate the passivation of 
copper seed layers, where an unprocessed silicon dioxide 
semiconductor wafer is degassed at 350 °C prior to depositing a 
barrier layer in a different chamber. 

The combination of Kim and Rozbiki. et al. . nowhere teaches or 
suggests carrying out the above -step in-situ following etching of 
the damascene opening . 

The combination of Kim and Rozbiki et al . nowhere teaches or 
suggests forming the barrier layer in-situ following the sputter 
clean process. 

■ 

■ 

Neither Kim nor Rozbiki. et al., alone or inc combination, 

■ 

recognize the problem that Applicants have recognized and solved 
by their disclosed and claimed invention: 

23 

a * 

■ ■ ■ . • * . . 

• • . . . • • • 

< • * * * • • 
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♦ « ♦ . ' 4 

■ ■ t ■ I • 
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"A method for forminq a copper damascene feature with 
improved electrical properties including reducing moisture and 
etching residues irom a damascene opening 7 ' 

"Finally, the prior art reference (or references when 
combined) must teach or suggest ail the claim limitations. The 
teaching or suggestion to make Lhe claimed combination and Lho 
reasonable expectation of success must both be found in the prior 
art, and not based on applicant' is disclosure," In ro Vaeck, 947 
F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). 

*I£ Lhe proposed modification or combination of the prior- 
art would change the principle of operation of the prior art 
invention being modified, then the teachings of the references 
are not sufficient to render the claims prima facie obviouts." In 
re RxLLi, 270 F.2d 810, 123, USPQ 349 (CCPA 1959). 

* * * ■ 

• • • . ... 

■ ■ 

* » * i ■ 

"If proposed modification would render the prior art 
invention being modified unsaL islac tory for its intended, purpose., 

■ 

then there i« no suggestion or motivation to make the proposed 
modification." In re Gordon, 733 F.2d 900, 221 USPQ 1125 (Feci. ' 

» • 

Cir. 1984). 

24 ■ 

a • 

■ 
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"The fact that ref erencez; relied upon teach that all aspects 
ol the claimed invention were individually known in the art is 
n o t s u £ 1 i e i c n L t o o s t a b 1 J. s h a p r i in a f a c i e case of oh v i o u a ne a s 
without .some objective reason to combine the teachings oi the 
references.*' Ex parte Lcvcngood, 28 uSPQP.d 1300 (Lid. Pat. App. 
.v Inter. 1993). 

2. Claims 3-5/ and 14-16, stand rejected under 3b USC Section 
103(a) ;as being unpatentable over Kim (788) in view of Rozbioki 
ct al. (US 6, 5b4 , 914) , aa applied above to claim 1, and further- 
in view oL Kim (US 2004/0127002) , 

Applicants reiterate the comments made above with respect to 
Kim (788) and RozblckJ et aU 

Kim (004) discloses an in-situ process whereby the process 

■ 

■ • # ■ 

wafer is cooled following an etching process prior to an. in-situ 

■ * • 

cleaning process using a hydrogen containing plasma at 25 to 50°C 
to remove polymer formed on sidewall.s and metal oxide formed on a 
bottom portion. Kim (004) teach a separate step of annealing the 
substrate following Lhe hydrogen plasma treatment (see Abstract; 

■ 

■ 

• * ■ 

• * • 

« • * . 

■ • • . 

■ 
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paragraphs 0010, 0011, 0027), Kim (004) doc--; not disclose 
carrying out Lhe annealing treatment in hydrogen or at a sub- 
atmospheric pressure . 

Rven assuminq arguendo a motivation for combining Kim (004) 
with either one of or boLli of Kim (788) and Rozbicki el al. f such 
combination does rioL produce Applicants disclosed and claimed 
invent ion. 

Moreover, Kim { 004 } Leach directly away Irom Applicants 
disclosed and claimed invention by Leaching a hydrogen plasma 
treatment at a reduced temperature prior to annealing process 

where the atmosphere and pressure, are not. disclosed. 

"A prima Lacie case ol obviousness may also be rebutted by 
showing that Lhe art, in any material respect, teaches away from 
the claimed invention." In re Geisl&r, 1.16 F. 3d 1465, 1471, 43 

i * 

DSPQ2d 1362, 1.366 (Fed. Cir. 1997). . 

■ 

Based on the foregoing, Applicants respectfully submit that, 
the Claims are now in condition for allowance* Such favorable 
action toy the Examiner at an early date is respectfully solicited. 

26 
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In Lho event that the present: invention as claimed is not in 
a condition for allowance for any other reasons, Lho Examiner .is 
respectfully invited to call the Applicants 1 representative at his 
Bl cornfield Hills, Michigan office at (248) 540-4040 such that 
necessary action may be taken to place the application in a 
condition lor allowance * 




Ra n tlq^p&r u n g 
Reg. "No. 3.1, 311 
Telephone: (248) 540-4040 



espect f bslly submi t Led , 
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